We have investigated the effect of extract prepared from skin of red grape (Vitris vinifera ) on the growth of human lymphoid leukemia Molt 4B cells. It was found that the extract obtained by extraction with butanol suppressed the growth of Molt 4B cells. Fraction IV obtained by separation with HPLC inhibited the growth of the Molt 4B cells by 86% at the concentration of 600 M. We determined the structure of compound contained in Fraction IV and identified it as enin, a kind of anthocyanin, by 1 H-and 13 C-NMR. The enin-treated cells clearly exhibited morphological changes, indicating the blebbing and chromatin condensation which are characteristic of apoptosis. Characteristic oligonucleosomal-sized DNA fragments were observed in the enin-treated cells. These findings suggest that the suppression by enin of growth of Molt 4B cells results from the induction of apoptosis by this compound.
We purified several compounds from plants and evaluated the antitumor activity of those compounds. In previous papers we demonstrated the inhibitory effects of persimmon extract (Achiwa et al., 1997) , oleanolic and ursolic acids isolated from leaves of loquat (Komiya et al., 1998) , and sesamol isolated from sesame oil (Miyahara et al., 2000) on the growth of human lymphoid leukemia Molt 4B cells, respectively. Surh et al. (1999) reported that resveratrol, a triphenolic stilbene present in grapes, induced apoptosis in human promyelocytic leukemia (HL-60) cells.
In the present study, we obtained fractions having antiproliferative activity from the skin of red grape (Vitris vinifera) and determined the structures of the compounds contained in these fractions. In this report, we identify enin and gallic acid from the skin of red grape and report that the inhibitory effects of enin on the growth of human lymphoid leukemia Molt 4B cells results from the induction of apoptosis.
Materials and Methods
Chemicals All chemicals were of the highest grade available from Wako Chemicals, Kyoto
Apparatus 1 H-and 13 C-NMR spectra were taken with JEOL, JNM-Ѩ 500. For preparation of enin and gallic acid as described in the next item, high pressure liquid chromatography (HPLC) was performed with a JASCO 880-PV.
Isolation and identification of enin Grape skin colored powder was made from the red grape skin of Vitris vinifera, an expressly selected grape growing in a restricted area of Emilia in Italy. It was prepared by the aqueous extraction of the fresh deseeded marc remaining after grapes had been pressed to pro-duce juice or wine. During the steeping process, sulfur dioxide was added as a preservative, and most of the extracted sugars were fermented to alcohol. The extract was concentrated by vacuum evaporation, during which practically all of the alcohol was removed, and clarified by slow centrifugation. A small amount of sulfur dioxide ( less than 3 g/kg of grape skin colored powder) remained as residue. The resulting supernatant was transformed into a magenta-red powder through a spray-drying process, and the obtained powder (1.5 g) was dissolved in distilled water. The resulting solution is called a water-soluble fraction and is used for DNA fragmentation assay and extracted with butanol containing 0.1% trifluoroacetic acid (TFA). The butanol fraction having antiproliferative activity was separated into four fractions of I (16.1 mg), II (22.5 mg), III (15.4 mg) and IV (30.4 mg) by preparative HPLC with ODS-5 (Nomura Chemicals, Aichi) using the following mobile phases: solution A, distilled water containing 0.1% TFA; solution B, methanol containing 0.1% TFA in a three-step linear gradient starting from 100% solution A up to 100% solution B in 80 min. The flow rate was 1.5 ml/ min. Chromatograms by HPLC were recorded at 280 nm ( Fig.  1) . Fractions I and IV were purified and identified as gallic acid and enin, respectively, by comparison of the spectral 1 H-and 13 C-NMR data with authentic samples. Chemical structures of gallic acid and enin, and spectral 13 C-NMR and 1 H-NMR data for Fraction I (gallic acid) and Fraction IV (enin), respectively, are shown in Fig. 2 .
Cell culture Human lymphoid leukemia Molt 4B cells were obtained from Dainippon Pharmaceutical Co., Osaka, and cultivated as previously described (Hibasami et al., 1989) . Molt 4B cells were grown in RPMI 1640 medium (GIBCO Laboratories, Grand Island, NY) with 10% fetal calf serum, penicillin G (50 IU/ml) and streptomycin (50 g/ml) at 37˚C in a humidified 95% air-5% CO 2 atmosphere and passaged every 7 days. Mycoplasma testing was routinely negative.
Assay for growth inhibition Exponentially growing cells were placed in triplicate at 3-4ϫ10 5 cells/ml in a culture flask and cultivated in the presence of vehicle (10 l) or a solution (10 l) of the compounds dissolved in distilled water. After cultivation for 3 days, the number of viable cells was counted by a hemocytometer.
Microscopic observation of morphological change of Molt 4B cells Exponentially growing Molt 4B cells were plated at the initial density of 3-4ϫ10 5 cells/ml. After cultivation for 3 days in the presence of vehicle or enin, the morphology of the cells was examined by an epifluorescence microscope with a cooled CCD camera digital imaging system and Fuji pictography 3000 as described by Okumura et al. (1995) .
Assay for DNA fragmentation Exponentially growing cells were plated at the initial density of 3-4ϫ10 5 cells/ml in the culture flask. After cultivation in the presence of vehicle or enin for 1-3 days, the cells were pelleted by slow centrifugation. DNA was isolated from the cell pellets as described previously (Mori et al., 1997) . Equivalent amounts of DNA (2 g) were put into wells of 2% agarose gel and electrophoresed in 40 mM Trisacetic acid (pH 7.5) containing 2 mM EDTA.
Results and Discussion
The effect of extract obtained by extraction with butanol from red grape skin on the growth of human lymphoid leukemia Molt 4B cells was investigated. Fraction IV obtained by HPLC inhibited the proliferation of Molt 4B cells dose-dependently. The compound contained in the fraction was determined by NMR and identified as enin, an anthocyanin present in red grape. Another compound contained in Fraction I was determined by the same method and identified as gallic acid. The chemical structures of enin and gallic acid are shown in Fig. 2 .
Enin and gallic acid were thus isolated from the skin of red grape (Vitris vinifera). We investigated the effects of enin on the growth of human lymphoid Molt 4B cells. As shown in Table 1 , rate of growth inhibition of these cells by enin rose as the concentration of enin was increased.
The significant growth-inhibitory activity of the water-soluble fraction and enin led us to investigate whether part of the antitumor effect was the result of apoptosis induction. Morphological change showing apoptotic bodies and fragmentation of genomic DNA into oligonucleosomal-sized fragments are characteristic of the occurrence of apoptosis. The morphology of enin-treated cells showed apoptotic bodies after 3 days of treatment with enin ( Fig. 3B ). As shown in Fig. 4 , the amount of oligonucleosomalsized fragments in the Molt 4B cells treated with the water-soluble fraction from red grape skin was increased as the concentration of the fraction was increased from 1 mg/ml to 4 mg/ml (A), and as the cultivation time was increased from 1 to 3 days (B). The amount of oligonucleosomal-sized fragments in the Molt 4B cells treated with enin increased as the concentration of enin was increased from 200 to 1000 M (Fig. 5) and as the cultivation time was increased from 1 to 2 days (Fig. 6) . Thus, enin induced apoptosis in a dose-(from 200 to 1000 M) and time-dependent (from 1 to 2 days) manner. In contrast, we observed no induction of apoptosis by 1000 M enin in leukocytes prepared from healthy volunteers (data not shown).
The search for better cancer chemotherapeutic agents as well as foods that protect against cancer is ongoing. However, there are as yet no anticancer drugs which are free of side effects. The present study demonstrates that enin isolated from red grape skin has a significant growth inhibitory effect on human leukemia cells; this is the first evidence that enin can induce apoptosis in the Molt 4B cells. The induction of apoptosis by gallic acid in lung cancer cells was reported by Ohno et al. (1999) . In our experiment, oligonucleosomal-sized DNA fragmentation resulted from the continuous exposure of Molt 4B cells to enin. Our findings demonstrate that enin might exert antitumor activity by triggering apoptosis. 
